Abstract: Heavy metals are a significant source of pollution in soils that have been demonstrated to exert significant toxic effect on soil microbial assemblages. Here we investigate the occurrence and metabolic characteristics of actinobacteria, which form a predominated component of farmland bacterial community near the town of Sereď in southwest Slovakia, contaminated by close nickel ore facility. Actinobacteria occurred in this environment with high concentrations of nickel (2.109 mg/kg), slightly above the natural occurrence of cobalt (355 mg/kg) and zinc (177 mg/kg), even too low concentration of iron (35.75 mg/kg) for a normal soil and not a toxic amount of copper (32.2 mg/kg) and cadmium (<0.25 mg/kg). The phylogeny was reconstructed using partial sequences of 16S rDNA genes of both, actinobacterial isolates and clones. A total of 105 actinobacterial representatives were divided into 66 species belonging to one order, 7 genera and 5 uncategorized groups. The selected 14 morphologically distinct isolates were able to produce drop collapsing, haemolytic and lipase activities. Whereas only 4 isolates produced dark brown melanin pigment and only 5 of them produced decolourization of the azo dye, all isolates tested were capable of assimilating all 11 sugars tested. All these actinobacterial isolates were resistant to nickel, cobalt, zinc, cadmium, copper, but the level of resistance differed between the individual isolates, and the resistance profiles of antibiotics (gentamycin, ampicillin, ciprofloxacin, chloramphenicol, erythromycin, rifampicin, penicillin-G) varied among them to a certain extent. Our results suggested that actinobacteria in soil contaminated by nickel present a relatively divergent group inside of microbial assemblage.
Introduction
Soil microbial communities are among the most complex and diverse assemblages in the biosphere and they play an important role in all the ecosystem services provided by soils (Björklöf et al. 2009 ). Among these diverse soil microbial communities, actinobacteria including streptomycetes have occupied a prominent and significant position as potential producers of structurally complex and unique metabolites (Lakshmipathy et al. 2010) . They are a promising source of a wide range of antibiotics (ATBs), antiparasitic agents, herbicides, anti-cancer drugs, enzyme inhibitors, immunomodifiers, vitamins and various enzymes of industrial importance (Okami & Hotta 1988; Peczynska-Czoch & Mordarski 1988; El-Meleigy et al. 2011) . This capacity of formation of secondary metabolites is exemplified by production of geosmin, the compound responsible for the odour of tilled soil (Kieser et al. 2000) , and of biosurfactant molecules, which are surface active agents synthesized by microbial cells (Gandhimathi et al. 2009 ). Recently, these agents have received much attention and interest for industrial applications. The amphipathic nature of these agents helps to reduce the surface tension of media (Desai & Banat 1997) . Other products of secondary metabolism may enable the bacteria to cope with stress factors including toxic levels of heavy metals (So et al. 2000) as well as dyes (Myslak & Bolt 1998) .
Heavy metals are relatively abundant in the Earth's crust. However, their concentrations are frequently elevated as a result of pollution introduced into the environment through different human sources (Sherameti & Varma 2010) .
In addition to heavy metals, dyes are being introduced into environment from different industries as well. Mainly azo dyes are extensively used in textile, 1454 M. Remenár et al.
food, paper, leather and cosmetics industries (Chang et al. 2001) . These sulphonated compounds are not only toxic in excessive quantities but they are also potentially carcinogenic (Myslak & Bolt 1998) . Release of such dyes and metals are of major concern since they cause a serious health hazards to plants, animals, aquatic life, and humans (Volesky & Holan 1995; Pazirandeh et al. 1998) .
The capability of soil microorganisms to multiply even under harsh environmental conditions relatively quickly signalizes the high degree of their susceptibility to either positive or negative effects, e. g. those caused by pollution (Adriaens et al. 2001) . Microbial community structure may thus be useful as a highly sensitive bioindicator of soil disturbance and progress of remediation (Gremion et al. 2004) .
The effects of heavy metals on a range of species belonging to the genus Streptomyces have been reported by Abbas & Edwards (1989) . Albarracin et al. (2005) isolated actinomycetes from a copper-contaminated area. Polti (2007) characterized and identified some of chromium-(VI)-resistant actinomycetes strains as species of the genera Streptomyces and Amycolatopsis. Schmidt et al. (2007) showed that strain Streptomyces acidiscabies E13 tolerated high concentrations of heavy metals (Ni, Cu, Cd, Cr, Mn, Zn, Fe) . AlKadeeb et al. (2009) isolated a few representatives of the genera Streptomyces with resistance against lead, mercury and copper. Zhao et al. (2009) isolated a novel actinomycete, strain S187(T), from a marine sediment sample collected from Xinghai Bay, Dalian, China. A novel species, Streptomyces zinciresistens sp. nov., a zinc-resistant actinomycete was isolated from soil from a copper and zinc mine in Shaanxi province, northwestern China (Lin et al. 2011) .
However, only limited information exists about the presence of actinobacteria in soils contaminated by nickel. Our earlier observations (Karelová et al. 2011; Harichová et al. 2012 ) from the same heavymetal-contaminated farmland soil in southwest Slovakia revealed that representatives of actinobacteria form a predominated component of the heavy-metalcontaminated soil bacterial community. Here, we investigate not only the impact of the heavy metals, mainly nickel, on the occurrence of actinobacteria by the use of both cultivable and non-cultivable approaches in farmland soil contaminated by closed nickel ore facility, but also their metabolic characteristics. From this point of view, the identification and metabolic characteristics of novel cultivable as well as uncultivable species of actinobacteria from nickel-contaminated soil can possess a practical significance in area of applied microbiology.
Material and methods
Field site, soil samples and heavy metal content measurement Soil samples, down to 10 cm depth, were collected from farmland near the town of Sereď (48
• 16 59 N, 17
• 43 35 E) in southwest Slovakia. The sampling site was situated near by a dump containing heavy-metal-contaminated waste. The soil sample contained high concentrations of nickel (2,109 mg/kg), slightly above the natural occurrence of cobalt (355 mg/kg) and zinc (177 mg/kg); even too low concentration of iron (35.75 mg/kg) for a normal soil and not a toxic amount of copper (32.2 mg/kg) and cadmium (<0.25 mg/kg). The content of these heavy metals in the soil sample was measured using an atomic absorption spectrometer (Perkin-Elmer model 403, USA) (Karelová et al. 2011 ).
Media used
Soil-extract agar medium contained 500 mL/L soil extract and 15 g/L agar (Biomark, India). The pH of the final medium was adjusted to 7.2. If appropriate, 50 mg/L of actinomycin D was added to the medium to preclude the growth of fungi (Hamaki et al. 2005) . The soil extract was prepared by mixing 1,000 g of soil with 2 L of 50 mM NaOH and incubating overnight at room temperature. The mixture was filtrated and then centrifuged for 60 min at 18,000 rpm. The supernatant was sterilized repeatedly over a period of 3 days at 100
• C in steam. Actinomycetes isolation agar and starch casein agar (SCA) (both from HiMedia, India) weres prepared according to the manufacturer's instructions.
Bennet's broth contained per L: 10 g glucose, 1 g peptone, 19 g yeast extract and 10 g casein. The pH of the final medium was adjusted to 8.0.
Blood agar plates have been purchased from Merck, Germany.
Triptone yeast extract broth (ISP1) and Peptone yeast extract iron agar (ISP6) (both International Streptomyces Project) were prepared according to the manufacturer's instructions.
Preparation of soil-born bacterial suspension A 10 g portion (wet weight) of the soil was mixed in a sterile 250 mL Erlenmeyer flask with 90 mL of a 0.85% (w/v) salt solution and incubated at 30
• C in a shaker incubator at 90 rpm for 2 h. The suspension obtained was filtered through Whatman 1 filter paper (Merck, Germany) under sterile conditions, and these filtered bacterial suspensions were used for further work.
Cultivation and isolation of bacteria Subsamples (1.0 mL) withdrawn from the soil-born bacterial suspension were serially diluted (in range: 10 −1 -10 −6 ) and each dilution was plated in triplicate on soil-extract agar medium supplemented with either nickel (2.1 mg/mL), cobalt (0.36 mg/mL), zinc (0.2 mg/mL), copper (0.1 mg/mL) or cadmium (0.1 mg/mL) or on the surface of the SCA. The plates were incubated aerobically at 30
• C for 1-2 weeks (the numbers of colony forming units were repeatedly counted to ensure that, at the time of isolation, the appearance of new colonies had levelled off). Independently growing colonies which showed morphological difference were selected, purified by streak plate technique and maintained for further analysis.
Screening methods for biosurfactant activity Haemolytic activity. Haemolysis was carried out using blood agar plates containing 5% (v/v) human blood. The purified cultures were incubated and the blood agar plates were incubated at 28
• C for 7 days. Haemolytic activity was detected as the occurrence of a clearly defined zone around the colonies (Carillo et al. 1996) . Youssef et al. (2004) was performed in the 96-well microtitre plate. Mineral oil (2 µL) was added to each well. The plate was equilibrated at 37
• C for 1 h and 5 µL of the culture supernatant was added to the surface of the oil in the well. The shape of drop on the oil surface was observed after 1 min. The culture supernatant making the drop collapsed was indicated as a positive result, whereas remaining a drop intact indicates a negative result. Distilled water was used as negative control.
Lipase production. Lipase production by the actinobacteria pure cultures was determined using tributyrin agar plates. To actinomycetes isolation agar, 1% (v/v) of tributyrin was added and the pH of the medium was adjusted to 7.3-7.4 using 0.1 M NaOH. The cultures were inoculated on the tributyrin agar plates and incubated at 28
• C for 7 days. The plates were later examined for clear zone around the colonies (Gandhimathi et al. 2009 ).
Screening for dye degradation
A small inoculum of pure soil-born culture was inoculated in 100 mL of previously sterilized ISP1 broth. The flasks were incubated at 28
• C for 7 days and after observing adequate growth, filter sterilized Reactive Red 5B (RR5B) azo dye (50 mg/L) was added and incubated for 24 h in static condition. The culture supernatant was obtained by spinning down the culture at 10,000 rpm for 20 min. The degradation activity of the organism was determined by measuring the absorbance of the culture supernatant (2 mL) at 542 nm using UV spectrophotometer (Kalme et al. 2007 ). The percentage of decolourization by the organism was calculated as a difference of the initial and observed absorbance divided by the initial absorbance (×100%).
Biochemical characterization
Melanin pigment production was studied on ISP6 during incubation at 30
• C for 7 days. Utilization of various sugars, such as arabinose, fructose, galactose, glucose, inositol, lactose, maltose, mannitol, rhamnose, starch and sucrose as sole carbon source was determined by inoculating the isolates in modified Bennets' broth supplemented with the respective carbon source and incubating at 30
• C for 7 days (Nonomura 1974) .
Heavy metal resistance
Screening for heavy metal resistance was carried out using heavy metal salt solutions, such as cadmium chloride, nickel chloride, cobalt chloride, copper sulphate and zinc sulphate. The concentrations of heavy metal salt solutions used were as follows: 10 mM, 50 mM, 100 mM, 500 mM, 1000 mM, 5 M and 10 M. The salt solutions were prepared with phosphate buffer saline (pH 6.8). The salt solutions were sterilized separately for 15 min at 110
Heavy metal resistance of actinobacterial soil isolates was determined by the plate diffusion method (Hassen et al. 1998 ). To each plate of SCA, 0.5 mL of appropriate metal salt solution was added in a central well of 1 cm in diameter and 4 mm in depth. Plates were then pre-incubated at 37
• C for 24 h to allow diffusion of the metal into the agar. The pre-incubation time facilitates the formation of a concentration gradient in the media around the well. On each plate, six strains were inoculated in radial streaks and in triplicate. Plates were then incubated at 37
• C for 7 days. After incubation, area of growth inhibition (in mm) was measured as the distance from the edge of the central well to the leading edge of the growing colonies.
Antibiotic susceptibility test
Antibiotic susceptibilities of actinobacterial soil isolates were tested by a disc diffusion method on SCA with 7 ATBs: 10 µg of ampicillin/disc, 120 µg of gentamycin/disc, 5 µg of ciprofloxacin/disc, 30 µg of chloramphenicol/disc, 15 µg of erythromycin/disc, 5 µg of rifampicin/disc, and 10 µg of penicillin-G/disc (Sensi-Disc, BD BBL, Franklin Lakes, NJ, USA). Fresh cultures of actinobacteria grown in ISP1 broth were diluted to 0.5 McFarland and spread on SCA. Then the ATB discs were spotted on agar plates and incubated at 37
• C for 7 days. The inhibition results were evaluated according to the break points recommended by the NCCLS antimicrobial susceptibility testing standards M2-A7 (NC-CLS document 2000).
DNA extraction
Bacterial DNA from soil isolates was isolated using the DNeasy purification kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Total DNA from soil samples was extracted using the PowerSoil DNA isolation kit (MoBio Laboratories, Inc., Carlsbad, USA) according to the manufacturer's recommendations. The resulting highmolecular-weight DNA from both, bacterial isolates and soil samples, was stored at -20
• C and was used as a template in appropriate PCR experiments.
Amplification of 16S rRNA (16S rDNA) genes DNA extracted from soil actinobacterial isolates or soil sample was used in PCR with universal 16S rRNA gene primers (Table 1) . Each 50 µL reaction mixture contained 1 µL (5 ng) of the DNA template (from isolates or soil), 5 µL 10×Taq buffer (Qiagen, Hilden, Germany), 2.5 U Taq DNA polymerase (Hot-Star; Qiagen, Hilden, Germany), 1.5 mM MgCl2, 200 µM dNTPs and 0.5 µM of each primer. PCRs were performed in a T1 thermal cycler (Biometra, Goettingen, Germany) with the following cycling conditions: 2 min of denaturation at 94 • C for 5 min. PCR products were separated by electrophoresis in a 1% (w/v) agarose gel (Merck, Germany), stained with Gold View Nucleic Acid Stain (SBS Genetech Co., Ltd., China). DNA bands, approximately 696 bp in size, were excised and purified using the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions.
Preparation of 16S rRNA (16S rDNA) clone library 16S rRNA amplicons were separately pooled, ligated into the pDrive Cloning Vector, and transformed into QIAGEN EZ competent cells using the PCR Cloningplus Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Clones containing the potential inserts of 16S rRNA genes were screened by PCR with the M13f and M13r primers (Table 1) . Each 25 µL reaction mixture contained 1 µL (5 ng) of the DNA clone template, 2.5 µL 10×Taq buffer (Qiagen, Hilden, Germany), 1.0 U Taq polymerase (Hot-Star; Qiagen, Hilden, Germany), 1.5 mM MgCl2, 200 µM dNTPs and 0.5 µM of each primer. Frozen cells containing the appropriate inserts (1 µL) from 20% glycerol stocks were added as template in each PCR. PCRs were performed in a T1 thermal cycler (Biometra, Goettingen, Germany) with the following cycling conditions: 2 min of denaturation at 94 • C for 5 min. PCR products were separated by electrophoresis in a 1% (w/v) agarose gel (Merck, Germany), stained with Gold View Nucleic Acid Stain (SBS Genetech Co., Ltd., China). DNA bands, approximately 937 bp in size, were excised and purified using the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The clones that produced the correct PCR amplicon for 16S rRNA gene of approximately 937 bp were stored in 20% glycerol at -70
Amplified 16S rDNA restriction analysis and sequencing of 16S rRNA (16S rDNA) amplicons Purified 16S rRNA (16S rDNA) amplicons either from isolates or clones were digested separately with two endonucleases, AluI and BstII (HaeIII), and fragments were separated by electrophoresis in 1% agarose gels (w/v) (Merck, Germany), and stained with Gold View Nucleic Acid Stain (SBS Genetech Co., Ltd., China).
Subsamples of purified 16S rRNA (16S rDNA) amplicons (of different restriction patterns) from both isolates and clones were sequenced by GATC Biotech, Constance, Germany.
Bacterial strain and clone identification and phylogenetic analysis Specific 16S rRNA (16S rDNA) isolate and clone sequences were edited with Chromas Lite software (version 2.01) for further DNA analysis. A BLAST search at the National Center for Biotechnology Information genome database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was conducted to identify sequences with highest similarity. Multiple sequence alignments and phylogenetic trees were constructed with the MEGA software (version 5.1; Tamura et al. 2011) . Maximum likelihood method with 100 bootstrap replications was chosen with Tamura-Nei model of substitutions and the resulting tree was presented with the Tree Explorer of the MEGA package.
Nucleotide sequence accession numbers
The sequences generated in this study have been deposited with the GenBank database under accession numbers from JN858985 to JN858998 and from KF651973 to KF651979, as well as JQ772510, JQ772511, JQ756463, JQ756466, JQ756473, JQ756482, JQ756483, JQ756485, JQ756486 for bacterial 16S rRNA (16S rDNA) genes of actinobacterial soil isolates and clones.
Sequences generated in previous works (Karelová et al. 2011; Harichová et al. 2012 ) have been deposited with the GenBank database under accession numbers from GU935287 to GU935332 and from HM038048 to HM038079, respectively, for bacterial 16S rRNA (16S rDNA) genes of actinobacterial soil isolates and clones.
Results and discussion
Heavy metals represent the most important component of polluted soil, which significantly impacts soil microbial assemblages by their toxic effect. For this reason, in previous works, we performed a phylogenetic analysis of bacterial assemblage in farmland soil contaminated with heavy metals. Our aim was to determine the structure of this bacterial community using both cultivation-dependent (Karelová et al. 2011 ) and independent (Harichová et al. 2012) approaches. The results showed that within bacterial assemblage actinobacteria predominated in heavy metal contaminated soil. Similarly, Gremion et al. (2003) reflected a dominant placement of actinobacteria in soil contaminated by the same pollutants. However, the significance of actinobacteria within the microbial communities of soils contaminated with heavy metals is still unresolved (Bamborough & Cummings 2009 ). Several reports on the antimicrobial activity of actinobacteria isolated from different environments are available, whereas only a few studies related to the biosurfactant activity and heavy metal resistance were available (Kokare et al. 2007; Gandhimathi et al. 2009; Joseph et al. 2009; . Under stress conditions actinobacteria are bound to elaborate several different chemical entities for their survival (Chiaki et al. 2007) . Therefore, in the current study actinobacteria inhabiting the nickel-contaminated soil were examined not only for their composition, but some of the isolated actinobacteria were also evaluated for biosurfactant production and screened for heavy metal resistance and biodegradation of dye as well.
Occurrence of actinobacteria in nickel-contaminated soil A phylogenetic analysis was performed to determine the composition of soil-born actinobacteria using partial sequences of the 16S rRNA (16S rDNA) genes from both isolates and clones. A total of 105 actinobacterial representatives were divided into 66 species belonging to one order, 7 genera and 5 uncategorized groups, first of all uncultured either bacteria or clones (Figs 1,2) . However, the majority (49.5%) of these bacteria were uncategorized to any known genus suggesting that they could be considered to belong to new species or genera (both with sequence similarity <97% and ≥97% to their closest relatives, but assigned to unknown cultured bacteria or clones; Fig. 1) . From a total of 66 identifiable species, this uncategorized group included 26 unclassified species or genus and 52 representatives. On the other hand, all known representatives (44 species and 53 individuals) of actinobacteria were assigned to one order -Actinomycetales and 7 genera -Arthrobacter, Catenuloplanes, Glycomyces, Micrococcus, Pseudonocardia, Rubrobacter and Streptomyces, respectively. The most abundant genus was Streptomyces (18.1%) followed by representatives of Arthrobacter (15.2%), Rubrobacter (5.7%) and Glycomyces (4.8%). The remaining genera, such as Pseudonocardia and Micrococcus were represented only by 2.9% and 1.9%, respectively, and both the order Actinomycetales and the genus Catenuloplanes were represented only by 0.95% (Figs 1,2) . The occurrence of the representatives of Arthrobacter spp., Glycomyces spp. and Streptomyces spp. is not surprising in heavymetal contaminated soil and their occurrence in this polluted environment was confirmed by several authors (Joynt et al. 2006; Schmidt et al. 2009; Field et al. 2010; El-Meleigy et al. 2011; Karelová et al. 2011; Lin et al. 2011; Al-Kadeeb et al. 2012) . Similarly, the occurrence of the bacterial subclass Rubrobacteridae clones is not surprising as well, because 70% of the actinobacterial clones belonged to the genus Rubrobacter, a widespread taxa that has yet few cultured representatives in soils (Holmes et al. 2000) .
These results suggested that actinobacteria in soil contaminated by nickel presented relatively divergent group inside of microbial assemblage. Similar result was achieved by Piao et al. (2008) , who found that long-term organic and inorganic soil amendments did not significantly alter the overall phylogenetic diversity of the actinobacterial communities, but significantly changed the community structure. According to Silva et al. (2013) , the actinobacterial population seemed to be unaffected by the high levels of aluminium in the soil. Other studies on the impact of heavy metal contamination on bacterial community structure have reported that there was a significant decline in the contribution of actinobacteria to the bacterial community in a forest soil contaminated with Cd, Cu, Zn and Pb (Frey et al. 2006) . Similarly, Vivas et al. (2008) found high dominance indices in the other more polluted soils including heavy metals, indicating the supremacy of populations, which may be metabolically more active due to the presence of pollutants. However, microbial activity and count of spore-producing bacteria decreased in soil with high heavy metal concentrations (Schmidt et al. 2005) . Hiroki (1992) furhter suggested that yet the relatively low concentrations of heavy metals in heavy-metal contaminated soils affected the soil microbial population. Moreover, in heavy metal contaminated soil abundance of bacterial and fungal populations increased, but the diversity of species was decreased (Pečiulyte & Dirginčiute-Volodkiene 2009) .
In addition, there is a relatively low level of closest bacterial relatives between isolates and clones of actinobacteria, which is emphasized first by the fact that majority of actinobacterial isolates as well as clones was assigned to different taxonomic groups, and secondly majority of clones were unclassified and were considered to belong to new species or genera (Fig. 1) .
Metabolic activity of selected actinobacteria
The selected 14 morphologically distinct isolates, 12 identified as Streptomyces spp. and 2 identified as Micrococcus spp. (Fig. 1 and Table 2), were screened for production of surface active molecules and some of biochemical characteristics.
Biosurfactant production was confirmed by conventional screening methods, including haemolytic, drop collapsing and lipase production activity. Inoculation of the isolates on blood agar plates produced clear a Screening method used for testing: HA, haemolytic activity; ODC, oil drop collapsing; LA, lipase activity; DDA, dye degradation activity in %; MP, melanin production; "+", positive reaction; "-", negative reaction.
zones around all colonies tested, indicated the biosurfactant activity of all isolates produced by their surface active molecules (Table 2 ). In the drop collapsing test a flat drop was observed only around the colonies of 5 isolates, which indicated a biosurfactant activity (Table 2). Inoculation of the isolates on Tributyrin agar plates produced clear zones around 13 of 14 colonies and partial zone around remaining one colony of EK-A8 isolate, indicating a production of the enzyme lipase by 13 isolates and a lower level of the enzyme production by EK-A8 isolate (Table 2 ). All these results confirmed the ability of all strains tested to produce surface active molecules, but only 5 of them were able to produce all three of them. Remaining 9 isolates did not collapse the oil drop; these strains were thus found as non-producing a flat drop (Table 2) . While 4 of 5 isolates with the ability to produce all the three active molecules were identified as Streptomyces spp., the remaining one isolate EK-A10 was identified as Micrococcus spp.
In addition, while dark brown melanin pigment was produced on ISP6 agar medium only by 4 isolates (Table 2), all isolates were capable of assimilating all 11 sugars tested (arabinose, fructose, galactose, glucose, inositol, lactose, maltose, mannitol, rhamnose, starch, sucrose). However, only one of these 5 isolates with the ability to produce all the three surface active molecules, assigned as EK-A12, was able to produce simultaneously also dark brown melanin pigment. On the other hand, remaining three isolates with this ability were not able to produce a flat drop (Table 2) .
Microorganisms are able to synthesise a wide range of surface-active compounds, generally called biosurfactants. These molecules can be of different nature, i.e. lipopeptides, glycolipids, proteins, polysaccharides, lipopolysaccharide proteins or lipoproteins Smyth et al. 2010 ). The biosurfactant producing representatives of Streptomyces were isolated from soil and marine sediment (Suthindhiran & Kannabiran 2009; . Recently the actinomycete Nocardiopsis alba MSA 10 was identified to possess a lipopeptide biosurfactant activity (Gandhimathi et al. 2009 ) and a novel, lipopeptide biosurfactant-producing bacterium Rhodococcus sp. TW53 was reported from Pacific Ocean deep-sea sediments (Peng et al. 2008 ). In addition, marine actinobacterium Brevibacterium aureum MSA13 was also found to produce lipopeptide-type of biosurfactant (Kiran et al. 2009 ). Biosurfactant activity of free fatty acids and glycolipids extracted from Rhodococcus erythropolis 3C-9 strain isolated from sea side soil was reported by Peng et al. (2007) . Moreover, Streptomyces sp. isolated from the soil sample was evaluated by drop collapsing test to possess a biosurfactant activity (Thampayak et al. 2008) .
However, resistance to toxic compounds has been reported as one of the roles attributed to microbial surface-active molecules (Neu 1996; Ron & Rosenberg, 2001; Van Hamme et al., 2006) . It is targeted at chelating and removal of mono-and divalent cations, such as heavy metals, by the chemical interactions between the amphiphiles and the metal ions Fracchia et al. 2012) . These findings suggested that the biosurfactant productions could be included in the defence mechanisms of microorganisms against heavy metals.
Heavy-metal and ATBs resistances of selected actinobacteria Some isolates were also tested for their heavy metal resistances. Agar diffusion method was performed for semi-quantitative determination of heavy metal resistance. An inhibition zone of 10 mm on the agar surface was considered as a resistance to the heavy metal tested. In general, all isolates were resistant to all metals tested, but the level of resistance differed between individual isolates. However, when the concentration of 100 mM heavy metal salt solutions was used (Table 3) , all isolates showed nearly the same level of resistance against nickel, cobalt and cadmium (which produced an inhibition zone of 1-7 mm) and a little lower one against cooper and zinc (with inhibition zones up to 10 mm). Similar studies related to heavy metal resistance were already reported, e.g., a chromium-resistant actinomycete Streptomyces sp. VITSVK5 was isolated from Marakkanam sediments (Saurav & Kannabiran 2009) and Streptomyces coelicolor was found to tolerate copper in concentration 0.047 mM (Abbas & Edward 1989) . Heavy metal tolerant actinomycetes were isolated from the polluted areas in the Sali River, Argentina (Maria et al. 1998) . Similar studies on heavy metal resistance by marine bacteria associated with marine sponge Fasciospongia cavernosa have also been reported ). ATB resistance genes exist naturally in the environment owing to a range of selective pressures in nature but the environmental reservoirs of resistance determinants are poorly understood (Allen et al. 2010) . Evidence shows that ATB resistance genes are common in natural environments and existed, even on plasmids, before the use of ATBs (Hall & Barlow 2004) . Furthermore, it is generally known that the heavy-metal resistance and resistance against ATBs are often carried on the same bacterial plasmids or transposons (Vranes et al. 1994) ; therefore the selected actinobacterial isolates were also tested for their resistance against some kinds of ATBs.
The results showed that none of isolates tested carried a resistance against all of the investigated ATBs. On the other hand, each of the isolates carried a resistance against at least one of the ATBs (Table 4) . Two isolates, assigned to genera either Streptomyces or Micrococcus, were resistant to 6, and, similarly, 2 representatives of the same genera to 5 of 7 ATBs. The remaining 10 representatives all assigned to genus Streptomyces carried the resistance against 1-4 ATBs (Table 4) . While all isolates were resistant against gentamycin and up to 12 of 14 isolates against rifampicin, only 1 resistant isolate assigned to Streptomyces spp. was found against ciprofloxacin. However, both representatives of the genus Micrococcus were resistant against penicillin-G and only one representative of the genus Streptomyces (Table 4 ). In addition, 8 and 5 
a Antibiotics used for testing: Gen, gentamycin (120 µg/mL); Amp, ampicillin (10 µg/mL); Cip, ciprofloxacin (5 µg/mL); Cm, chloramphenicol (30 µg/mL); Ery, erythromycin (15 µg/mL); Rif, rifampicin (5 µg/mL); Pen, penicillin-G (10 µg/mL). "+", resistant; "-", sensitive; "±", intermediate.
isolates, respectively, carried a resistance against the remaining 3 investigated ATBs: chloramphenicol, erythromycin and ampicillin 9 (Table 4) . These results suggested that the resistance profiles of ATBs to a certain extent varied among actinobacterial isolates in the nickel-contaminated soil. Previous results showed that cultivable bacteria in soil harbour genes encoding enzymes that degrade or otherwise inactivate ATBs. Among bacteria that are able to grow on such ATBs both an unidentified Streptomyces sp. isolate and Streptomyces venezuelae were found to grow on chloramphenicol (Abd-El-Malek et al. 1961; Malik & Vining 1970) . In addition to ATB degradation, cultivable soil bacteria use many mechanisms of resistance to ATBs. It has been previously reported that over 400 actinomycetes cultured from forest, agricultural and urban soils were found to have highly varied resistance profiles (D'Costa et al. 2006 ). The results indicated that soil bacteria are a reservoir of ATB resistance genes with greater genetic diversity than previously accounted for (Riesenfeld et al. 2004) . Thus the origins of ATB resistance in the environment is relevant to human health because of the increasing importance of zoonotic diseases as well as the need for predicting emerging resistant pathogens (Allen et al. 2010 ).
Biodegradation of the dye by selected actinobacteria
The isolates were also evaluated for their ability to degrade the sulphonated azo dye RR5B. The absorbance was measured for control (medium + dye) as well as the investigated sample. The organisms were inoculated, incubated and grown adequately in the presence of dye and the absorbance was measured (medium + organism + dye). Only 5 of the isolates tested produced decolourization of the dye. While 2 of dye decomposers, EK-A10 and EK-A20 assigned to Micrococcus spp., pro-duced nearly 96% and 98% decolourization of the dye respectively, the remaining 3 dye decomposers, EK-A3, EK-A5 and EK-A16, assigned to the Streptomyces spp., produced only nearly 10%, 76% and 16% decolourization of the dye, respectively ( Table 2) . Release of dyes, in general, into the water resources pollutes the land and water-micro and macro flora and fauna but also directly and indirectly affects human beings and the dependent animals (Chang et al. 2001) . Degradation of sulphonated azo dyes by actinobacteria has been reported by Pasti-Grigsby et al. (1996) . described a degradation of this dye by strain designated as Streptomyces spp. VITDDK3. Zhou & Zimmermann (1993) have reported the degradation of azo dyes by actinobacteria and also proposed the degradation mechanism for the removal of the dye.
Conclusions
In conclusion, microorganisms residing in the soil environment are quite complex, diverse and rather very unique. On the base of the production of surface active molecules, melanin production, sugars assimilation, azo dye degradation and resistances against heavy metals and ATBs, our results suggest that actinobacteria in soil contaminated by nickel present a relatively divergent group inside of microbial assemblage. Therefore, further intensive studies are needed to unravel its unexhausted reserve of secondary metabolites and biodegradation activity as well as genetic diversity of ATB and heavy-metal resistance genes. Identification and characteristics of appropriate secondary metabolites having biosurfactant, heavy metal and ATB resistances and dye degradation activity will provide promising future applications in industrial processes and bioremediations.
